OBJECTIVE: To study the systemic production of inflammatory factors and activation of transcription factor nuclear factor kappa B (NF-κB) in response to different levels of intermittent hypoxia and time. METHODS: A total of 160 male Wistar rats were divided randomly into five groups. The first three groups were exposed to 5%, 7.5% and 10% intermittent hypoxia (referred to as IH-1, IH-2, and IH-3 respectively), the fourth group were subjected to 10% sustained hypoxia (abbreviated as SH), and the control group were exposed to normal oxygen (designated SC). At the second, fourth, sixth, and eighth week, eight rats in each group were sacrificed to collect serum. Enzyme-linked immunosorbent assay (ELISA) was used to detect the serum concentration of tumour necrosis factor alpha (TNF-α), interleukin-8 (IL-8), interleukin-6 (IL-6) and interleukin-10 (IL-10). Western blot was used to detect the protein levels of the phosphorylated NF-κB P65 in the nucleus of arterial endothelial cells. RESULTS: In all three IH groups serum levels of TNF-α, IL-8 and IL-6 showed consecutive increment from onset to the 6 th week under intermittent hypoxia; the levels of TNF-α and IL-8 dropped slightly on the 8 th week, whereas those of IL-6 continued to increase. The levels of IL-10 decreased and reached nadir at the 6 th week of intermittent hypoxia treatment. The inflammatory response was the most pronounced in the 6 th week, at which time the TNF-α, IL-8 and IL-6 levels in IH groups were significantly higher than in the SC and SH group (F = 30.04, 11.77, 18.589; p <0.05). IL-10 levels were significantly lower than the SC and SH group (F = 10.403, p <0.05). Levels of TNF-α and IL-8 in the IH-1 group were significantly higher than those in the IH-3 group (F = 1.20, 34.68; p = 0.049, 0.046). Protein levels of phosphorylated NF-κB P65 in endothelial cells collected from thoracic aorta in all three IH groups were significantly higher than those in SC and SH groups (F = 63.136, p = 0.01). A close correlation was identified between NF-κB p65 phosphorylation and the levels of TNF-α, IL-8, IL-6 and IL-10 (p = 0.01). CONCLUSIONS:The inflammatory response, manifested by serum levels of inflammatory factors and nuclear accumulation of activated NF-κB P65, was more serious in the IH group than in the SH and control group, and was dependent on hypoxia levels. This reaction increased initially and then decreased, which indicates the presence of compensatory mechanisms and an adaptive response to such stressors in the body. Notably, the correlation of NFκB activation to production of inflammatory factors under intermittent hypoxia implies an important role of this transcription factor in inflammation-induced cardiovascular damage occurring during obstructive sleep apnoea (OSA), which has a typical breathing pattern of intermittent hypoxia.
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Introduction
Obstructive sleep apnoea (OSA), the most common type of sleep apnoea, is caused by obstruction of the narrowed, congested, or floppy upper airway when the muscle tone of the body is relaxed during sleep. It is characterised by repetitive breathing pauses lasting 20-40 seconds during sleep. The pause in breathing reduces oxygen saturation in the blood which recovers after breathing resumes. The unique breathing pattern of OSA results in alternating cycles of hypoxia and re-oxygenation in the circulation, which is termed "intermittent hypoxia". Although OSA is a highly prevalent disease, patients are rarely aware of having difficulty in breathing. OSA accompanied by intermittent hypoxia can thus be present unidentified for years and even decades. However, chronic or severe OSA has been proven to be an independent risk factor for the development of cardiovascular disorders [1] . The pathogenesis of cardiovascular complications in OSA is not completely understood; evidence suggests that increased levels of various circulating inflammatory factors , including tumour necrosis factor alpha (TNF-α), interleukin-6 (IL-6) and interleukin-8 (IL-8), are associated with future cardiovascular risk [2] [3] [4] [5] . In contrast, an increase in serum levels of the anti-inflammatory cytokine interleukin-10 (IL-10) has been associated with decreased risk of coronary events in patients with unstable angina [6] . Inflammatory responses may therefore play a pivotal role in the pathogenic process of cardiovascular complications associated with OSA through inflammatory factor mediated artery endothelial cell dysfunction [7] . The question is, then, what is it in OSA that initiates the inflammatory response? Previous studies have reported that intermittent hypoxia, the unique form of hypoxia that occurs in OSA, induces activation of transcription factors such as nuclear factor kappa B (NF-κB) [8] . The NF-κB is normally located in cytoplasm, and translocates into nucleus upon stimulation, then acts as a transcription factor to activate the transcription of downstream proinflammatory target genes. However, the direct evidence that intermittent hypoxia induces systemic production of inflammatory factors is lacking, and the response of inflammatory factor production and NF-κB activation to intermittent hypoxia of different extent remains unknown. In this study we therefore exposed rats to different degrees of intermittent or sustained hypoxic conditions and examined the effects of these hypoxic exposures on systemic production of inflammatory factors, including TNF-α, IL-8, IL-6, and IL-10, as well as nuclear NF-κB activity in endothelial cells from the aorta.
Materials and methods

Animals
A total of 160 male Wistar rats (weight: 180-200 g), about 8 weeks of age (SCXK 2006-0009) were used in this study. The rats were housed four to a cage. The rats were given unrestricted access to food and water, except during the treatment and experimental periods. All surgical procedures and experimental protocols were approved by the Tianjin Medical University Animal Care and Use Committee. The rats were randomly assigned to five groups, with 32 rats to a group: (1) the 5% intermittent hypoxia group (IH-1); (2) the 7.5% intermittent hypoxia group (IH-2); (3) the 10% intermittent hypoxia group (IH-3); (4) the 10% sustained hypoxia group (SH); and (5) the normal oxygen control group (SC).
Intermittent hypoxia treatment
During IH exposure the animals were placed in a specialised plexiglas chamber (dimensions 30×20×20 cm) with 4 rats per cage, exposed to intermittent hypoxia for 8 hours/ day during the rodent diurnal sleep period (9 AM-5 PM) repeatedly for 7 days/week for 8 consecutive weeks. The chamber was flushed with alternating cycles of pure nitrogen and compressed air. Each cycle of intermittent hypoxia lasted for 2 minutes, the first 30 seconds being the hypoxia phase and the following 90 seconds the reoxygenation phase. Gas flow was regulated by timer-controlled solenoid valves and an O 2 flow meter. The O 2 concentration was continuously monitored by an O 2 analyser (CY-12C, Meicheng, China). During the hypoxia phase, the O 2 concentration in the chamber was rapidly decreased to 5%, 7.5% or 10% by adjusting the N 2 flow rate ranging from 5 L/m to 10 L/m. The O 2 concentration was increased to a maximum of 21% by rapidly flushing the chamber with compressed air. This system permitted delineation of oxygenation profiles in the rodent model that mimic those in patients with OSA. The SH chambers were flushed continuously with 3 L/m pure nitrogen admixed with 3 L/m compressed air to maintain the O 2 concentration in these chambers at 10%. Control experiments were performed on animals exposed to alternating cycles of compressed room air in the chamber. At the 2 nd , 4 th , 6 th and 8 th week, 8 animals from each group were anesthetized with 3% pentobarbital (30 mg/Kg), and an arterial blood sample was obtained from the right femoral artery. Serum was isolated and frozen at -80°C. After collection of the blood sample, the animals were subjected to thorough intracadinal perfusion with PBS in order to remove the blood cells from the vessels. Then the thoracic aorta was surgically removed and washed with PBS again 3 times to minimise potential blood cell contamination. The endothelial cells were scraped off the vessel wall with appropriate force using a cytology brush, frozen in liquid nitrogen and stored at -80°C until further use. This approach to endothelial cell collection has been used widely in our university to perform primary cell cultures. The collected cells have a viability of 93.7%, as tested by trypan-blue dye exclusion, exhibited the cobble stone-like shape and are VIII factor positive after 10 days of culture. Most, if not all, of the cells we collected from the artery wall are therefore endothelial cells [9] .
Analysis of arterial blood gases
To confirm the effects of our intermittent hypoxia system, the animals' blood gas tensions were measured during the preliminary experiment. Two animals for each group were anaesthetised with 25% urethane (4 ml/Kg), and arterial lines were surgically inserted into the right common carotid artery. The line was heparinized and exited the cage through a small aperture. Arterial blood gases at different time points in the hypoxia cycle were measured after the rats had adapted to the hypoxic condition for at least 10 minutes. The minimum Po2 and maximum Pco2 were detected in three consecutive hypoxia cycles.
Biochemical assays
Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of circulating cytokines. TNF-α, IL-8 and IL-10 levels in serum were determined with ELISA kits procured from Invitrogen Inc (CA, USA). IL-6 levels in the serum were measured with an ELISA kit obtained from Thermo Science Inc (GA, USA). The ELISA was performed according to the company's protocols. Briefly, 50 μL of serum sample was mixed with 50 μL of assay diluent. A hundred microlitre assay diluent, 100 µL of serially diluted standards was also included, and served as negative and positive controls respectively. These solutions were added to a 96-well plate pre-coated with specific monoclonal antibodies to the detecting antigen, i.e., IL-6, 8, 10 or TNF-α, and incubated at room temperature for 2 h. The plate was then washed three times and sequentially incubated with the biotinylated antibody to the antigen to be detected and the streptavidin-horseradish peroxidase (HRP) conjugates. The colorigenic reaction was initiated by adding chromogen substrate and stopped by 1 N H 2 SO 4 solution. Wells with only the chromogen substrate and stop solution were also generated as chromogen blank for further adjustment. The absorbance was measured at 450 nm in a microplate reader (Labsystems Muhiskan, MS, USA). The mean readings of the chromogen blank wells were subtracted from each well; a standard curve was generated for each ELISA to calculate the concentrations of each detected antigen.
Western blot analysis
Nuclear proteins from endothelial cells were extracted using nuclear and cytoplasmic protein extraction reagents from Beyotime Inc (Shanghai, China). The total protein concentration of each portion of extract was determined using the bicinchoninic acid (BCA) protein assay kit (Bomaide Inc, Beijing, China). To determine the degree of NF-κB phosphorylation and translocation, we quantified the amount of phosphorylated NF-κB p65 in nuclear extracts using Western blotting. In each blot, protein marker (Fermentas China, Shenzhen, China) and nuclear extracts (10 μg of protein) of endothelial cells collected from different groups of rats were loaded to sodium dodecyl sulfate (SDS)-polyacrylamide gradient gel, whole-cell extracts of hela cells stimulated with 10 ng/mL TNF-α (Sigma, MO, USA) were used as positive control, and the extracts of hela cells were further treated with Lambda phosphatase (Santa Cruz Biotechnology, CA, USA) and served as negative control. The protein samples were separated by electrophoresis and transferred to nitrocellulose membranes. These membranes were blocked by 5% non-fat milk in tris-buffered saline for 1 hour and then incubated with the rabbit polyclonal antibody to phosphorylated NF-κB p65 (1:1500 dilution; Abcam, MA, USA) overnight at 4°C. The membranes were washed with tris-buffered saline and incubated for 1 hour, at room temperature, with the secondary antibody-HRP conjugated anti-rabbit IgG (Boster Inc, Wuhan, China) prepared in the blocking solution (1:5000). After washing, the membranes were incubated with detection solution (LumiGLO; Jingmei Bioscience, Shenzhen, China), and exposed to the film (Kodak, USA) for 1 minute, then the film was developed for another minute. The protein bands on the film were confirmed as phosphorylated NF-κB p65 by matching the correct size of the protein marker. The blots were then stripped, blocked, and probed with the primary and secondary antibody of β-actin, which served as the internal control for protein content in each lane. The films with phosphorylated NF-κB p65 and β-actin bands were scanned and the intensity of the protein bands on the scanned images was quantified by Image J software (NIH, USA). The nuclear accumulation of phosphorylated NF-κB p65 was expressed as ratio of the intensity of this protein to that of β-actin.
Statistical analyses
All values are reported as mean ± standard error of the mean (SEM). Statistical comparisons between five groups of rats (IH-1, IH-2, IH-3, SH and SC) were performed by a general linear model ANOVA across two independent variables, hypoxia and time. Comparisons between different levels of hypoxia or at different time points of exposure were performed using one-way ANOVA. Pearson correlations were used to determine the relationships between the circulating cytokines and transcription factor NF-κB. A pvalue <0.05 was considered statistically significant.
Results
Arterial blood gases
Arterial blood gases were quantified in two rats from each group during the preliminary experiment to characterise and confirm the effectiveness of our model system. The two animals within each group exhibited similar values in blood gas analyses. The mean value of minimum Po 2 in the control group is 100 mm Hg as expected; however, when Arterial blood gas tension measured in the preliminary intermittent hypoxia experiment. Two rats were employed in each treatment group (n = 2); the measured parameters of each animal were plotted as separate bars. The minimum Po 2 levels of two animals (white and hatched bars respectively) in the IH1, IH2, and IH3 group and SH group were markedly reduced as compared to those shown in the normoxia control group. The maximum Pco 2 levels of the two rats (black and grey bars respectively) were comparable among all the treatment groups. 
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was dramatically reduced to 35.9, 40.3, and 49.5 mm Hg respectively. The mean minimum Po 2 remained at 38.5 mm Hg in animals exposed to sustained hypoxia ( fig. 1 ). There was no significant change in maximum Pco 2 level across all groups. The lowest blood oxygen partial pressure in rats was recorded at~20 seconds following termination of intermittent hypoxia. These results suggest that our model system induced moderate to severe hypoxia, mimicking the biochemical changes of blood gas observed in patients with moderate to severe OSA.
Circulating cytokines
Serum levels of TNF-α and IL-8 in the three IH groups followed a similar time trend, showing a consecutive increase from onset to the 6 th week under intermittent hypoxic treatment, a reduction being observed at the 8 th week (two-way ANOVA value F = 14.637, 6.42; p = 0.01) ( fig. 2A and B) . The TNF-α levels in the IH groups at the 2 nd , 4 th , 6 th , and 8 th week were all significantly higher than those in the SC group that had been exposed to a normal level of oxygen (F = 5.902, 6.426, 30.04, 17.886; p=0.01); whereas the circulating levels of IL-8 in the IH groups were not significantly different from those in SC until the 6 th week (F = 11.77; p <0.01), this significance over the SC group was maintained at the 8 th week (F = 2.743; p <0.05). On the other hand, the time courses of TNF-α and IL-8 under sustained hypoxia (SH group) both resembled their respective trends observed in the IH groups except at the 6 th week, when their levels in SH group were significantly lower than the peak levels of these pro-inflammatory factors in the IH groups (F = 30.04, 11.77; p <0.01) ( fig. 2A and B) . These results show that hypoxic conditions, especially intermittent hypoxia, can induce elevated levels of circulating pro-inflammatory factors such as TNF-α and IL-8, further indicating that intermittent hypoxia may be associated with a systemic inflammatory response. The time course of IL-6 production in all experimental groups, including the IH, SH, and SC group, exhibited a continuous increase from time zero to the last time point examined (two-way ANOVA value F = 43.814; p = 0.01). The IL-6 levels measured from the intermittent and sustained hypoxia group were similar to each other at most time points; nonetheless, they were all significantly higher than the normoxia control group starting from the 4 th week after treatment (F = 4.648; p <0.01), the difference was even more significant as the hypoxic treatment proceeded (F = 18.589 at the 6 th week, and F = 12.102 at the 8 th week; p <0.01) (fig. 2C) . The serum levels of IL-10 in IH groups continuously decreased and touched the lowest levels at the 6 th week under intermittent hypoxia (Two-way ANOVA value F = 5.787; p <0.01). The IL-10 levels in IH groups on the 2 nd , 4 th , and 6 th week were significantly lower than the corresponding levels seen in SC group (F = 3.293, 3.513, 10.403; p <0.05, 0.05, 0.01). The levels in SH group were in the middle between those in IH groups and SC group, but significantly different from neither of them. An increase of IL-10 levels in all IH groups was observed on the 8 th week, there was no significant difference in the IL-10 levels between SH group and SC group at this time point (F = 2.547; p = 0.057) ( fig.  2D ). The time course of reduction of a potent anti-inflammatory factor, IL-10, combined with elevation of pro-inflammatory factors, TNF-α and IL-8, further suggests that intermittent hypoxia can induce a systemic inflammatory response culminating at the end of the six-week long treatment. Since the most pronounced changes of the circulating cytokines examined were observed on the 6 th week under hypoxic conditions, we chose to compare serum levels of these cytokines among all experimental groups at this time point. Serum levels of TNF-α, IL-8 and IL-6 levels in three IH groups were significantly higher than those in the SC and SH groups (F = 30.04, 11.77, 18.589; p <0.01) ( fig.  3A , B and C). The IL-10 levels in these groups were significantly lower than those from SC and SH groups (F = 10.40; p <0.01) ( fig. 3D) . Moreover, levels of TNF-α and IL-8 in the IH-1 group treated with 5% intermittent hypoxia were both significantly higher than the corresponding cytokine levels in the IH-3 group that had been subjected to 10% intermittent hypoxia (F = 1.20, 34.68; p = 0.049, 0.046) ( fig. 3A and B) .
Nuclear NF-κB phosphorylation
Having measured the levels of circulating inflammatory factors, we sought to assess whether the intermittent hypoxia challenges activated NF-κB and promoted its nuclear translocation. We measured the amount of phosphorylated NF-κB p65 by Western blot in nuclear extracts of endothelial cells sampled at different time points following hypoxia exposure ( fig. 4A ). Animals treated with varying degrees of intermittent hypoxia displayed a marked increase in nuclear accumulation of the phosphorylated NF-κB p65 protein from the onset to the 6 th week, then a slight reduction was observed at the 8 th week (two-way ANOVA value F = 63.136, p = 0.01). The nuclear p65 activity in
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Swiss Med Wkly. 2011;141:w13309 IH groups was significantly elevated as compared to those measured from SC group from the 4 th week on (F = 16.861, p = 0.01), whereas they were similar to the SH group at every time point except the 6 th week (F = 45.092, p <0.01) ( fig. 4B ). In general, the time course of NF-κB p65 activation in all the groups, including the IH, SH, and SC group, coincided with those of TNF-α and IL-8 in corresponding groups ( fig. 3A, B and 4B) . Figure 4C showed that at the 6 th week, when NF-κB p65 nuclear levels reached the peak in the IH groups, they were significantly higher than those found in the SC and SH groups (one-way ANOVA value F = 45.092, p = 0.01,). The nuclear level of phosphorylated NF-κB p65 in the IH-1 group was also significantly greater than that in the IH-3 group (F = 1.38, p = 0.01). Prompted by the similar dynamic changes of inflammatory factors in circulation and NF-κB p65 activation in aorta endothelial cells, we performed the correlation analysis between individual factor and the transcription factor. Pearson's correlation analysis revealed that phosphorylated NF-κB p65 correlated positively with serum levels of TNF-α (r = 0.716, p = 0.01), IL-8 (r = 0.605, p = 0.01), IL-6 (r = 0.76, p = 0.01) and negatively with IL-10 (r = -0.505, p = 0.01).
Discussion
In this study animals exposed to intermittent hypoxia displayed greater circulating levels of TNF-α, IL-6, IL-8 and higher levels of phosphorylated NF-κB p65 in nuclear ex-
Figure 4
Temporal changes of phosphorylated NF-κB p65 in nuclear extracts of aorta endothelial cells. (A) A representative Western blot showed that increased levels of p-NF-κB p65 in nucleus were observed in IH groups as compared to those in SH and SC group. Positive control, referred to as P, was whole-cell extracts from cultured hela cells stimulated with 10 ng/ml TNF-α. The whole-cell extracts further treated with lamda phosphatase were used as negative control, labelled as N in the blot. The levels of β-actin were used as the internal standard of protein content in each lane. (B) The intensity of phosphorylated NF-κB p65 was normalised to that of β-actin, which was then plotted as mean ± SE to show the activity changes of this transcription factor at various time points (* p <0.05 IH1, 2, 3 and SH group vs SC group; # p <0.05 IH 1, 2, 3 vs SH group; & p <0.05 IH1 vs IH3 group, n = 7 or 8 in each group). (C) The normalised nuclear levels of phosphorylated NF-κB p65 at 6 th week were also re-plotted as bar graphs (* p = 0.01 compared with SC group; # p = 0.05 compared with SH group; & p = 0.01 compared with SH group; $ p = 0.05 compared with IH-3 group, n = 7 or 8 in each group).
tracts of aorta endothelial cells, as compared with the counterparts exposed to sustained hypoxia or normoxia; in contrast, production of IL-10, a potent anti-inflammatory cytokine, was decreased in the IH groups in comparison to SH and SC group. The levels of serum cytokine and nuclear p65 in IH groups reached the most statistical significance over SH and SC group on the 6 th week after treatment. In addition, we also observed intermediate activation of proinflammatory cytokines and NF-κB in the SH group, which suggests that continuous hypoxia can also cause, but to a lesser extent, systemic inflammation. These results therefore suggest that intermittent hypoxia may elicit a more severe systemic inflammatory response than sustained hypoxia, and that this response culminates at the 6 th week after the start of IH treatment. The analyses of rats in the IH groups also revealed that levels of proinflammatory factors, TNF-α and IL-8, as well as transcription factor NF-κB, continuously increased from the onset, peaked at the 6 th week and dropped modestly at the 8 th week under intermittent hypoxia; whereas the levels of anti-inflammatory cytokine, IL-10, showed inverse time-dependent changes. Part of our findings are consistent with other reports of increased NF-κB activation and TNF-α, IL-8, IL-6 levels in OSA patients and rats subjected to intermittent hypoxia [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, we found no report in the literature with regard to a downward tendency after 6 weeks of intermittent hypoxia stimulus without continuous positive airway pressure or other treatments. There are two possible reasons for this discrepancy. First, the animals in the previous reports had not been subjected to intermittent hypoxia as long as in our experimental paradigm, and therefore the fall in the pro-inflammatory factor levels or the rise in anti-inflammatory factor levels at a later time, as we observed, might be missed in the previous reports. The bi-phasic changes of pro-and anti-inflammatory factors reflect the dynamic changes and equilibrium between the "engine" and the "brake" of the inflammatory response induced by intermittent hypoxia. They certainly involve the self-limitation of an organism to inflammatory response and the presence of compensatory mechanisms to such stressors in the long run, at least in our experimental animals. Our results for responses to sustained hypoxia did not show similar temporal changes, and this may be due to fundamental differences between sustained and intermittent hypoxia in terms of biochemical effects and physiological consequences. The discrepancy between our results and others might also be due to the different method used to generate the intermittent hypoxic condition. We customised the hypoxia chamber and housed 4 animals in one chamber, instead of using the commercially available chambers holding only one animal in each. However, blood gas analysis shown in figure 1 confirmed that our paradigm indeed induced moderate to severe hypoxia in the animals. The results of serum levels of IL-6 under hypoxic condition suggest that intermittent or sustained hypoxia could enhance the production of IL-6, another pro-inflammatory mediator. It is also of note that the levels of IL-6 under intermittent hypoxia did not exhibit the bi-phasic changes shown by other cytokines. A possible explanation for this was hinted at by the observation that IL-6 levels were continuously increased over time even in the normoxia con-
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Swiss Med Wkly. 2011;141:w13309 trol group, which implies a role for other factors, e.g. fat mass accumulation, in IL-6 induction. Moreover, it has been reported that the stressing factor, such as hypoxia, could cause a fair amount of fat mass accumulation more than natural growth. This was implied by the steeper slope of the curves corresponding to hypoxia groups (either intermittent or sustained), as compared to that of the normoxia control group ( fig. 2C ). An increased percentage of body fat during the experimental period could therefore contribute to the production of IL-6 in circulation [20] . The molecular mechanisms underlying the dynamic changes of transcription factor NF-κB are better known than those of the inflammatory cytokines. Under resting conditions, NF-κB is bound to its co-repressor molecule IκB in the cytosol. Upon stimulation, like intermittent hypoxia, IκB is degraded and allows p50 and p65 to form NF-κB heterodimer, which then translocates to the nucleus and activates transcription of target genes, such as inflammatory factors [21] . Positive and negative feedback regulation have been proposed for regulation of NF-κB activation. In the early stage of intermittent hypoxia, NF-κB is activated and stimulates increased production of circulating cytokines such as TNF-α and IL-6, which, in turn, activates signalling cascades to enhance NF-κB activation. The positive regulation contributes to amplification of early inflammatory response. On the other hand, NF-κB-binding sites have been identified in the promoter region of IκB [22] . After longer exposure to intermittent hypoxia, transcriptional activation of the IκB gene by NF-κB, followed by an increase in IκB protein levels, would prevent sustained activation of NF-κB, thus forming a negative feedback loop [23] . Therefore, in our study's IH group, the dynamic changes of NF-κB p65 nuclear levels may indicate constant interactions between the positive and negative regulatory loop, the upward or downward tendency depending on which regulation is dominant at a certain time point; whereas under sustained hypoxia, positive regulation may override negative, the NF-κB thus displayed sustained activation consistent with previous reports [24] . It should be noted that the time course of NF-κB activation and nuclear translocation in intermittent hypoxic conditions parallels that of the pro-inflammatory factors, such as TNF-α and IL-8 ( fig. 2A and B, fig. 4B ) activation of this transcription factor is also closely correlated with serum levels of all the factors examined. It is also known that activated NF-κB can drive the transcription of numerous genes encoding inflammatory factors, including TNF-α, IL-8 and IL-6, in other scenarios such as bacterial infection and oxidative stress [25] ; however, direct evidence mechanistically linking these two events is still lacking in current studies. Further investigation involving NF-κB pathway blocker, e.g., quinazoline, is underway to prove that NF-κB can promote production of inflammatory factors under intermittent and sustained hypoxia. The precise mechanisms mediating cardiovascular complications in OSA have not been elucidated, though recent studies have explored the link of inflammatory response and NF-κB activation to the pathogenesis of cardiovascular diseases in OSA [11, 16, 26, 27] . Patients with an OSAassociated typical pattern of hypoxia and re-oxygenation were found to have higher levels of circulating proinflammatory cytokines (TNF-α, IL-6), chemokines (IL-8) and adhesion molecules (ICAM-1), with a significant fall after effective CPAP therapy [11] [12] [13] [14] [15] [16] . Increased production of proinflammatory cytokines has been definitely linked with the pathogenesis of atherosclerosis and hypertension. Furthermore, Ryan and colleagues report that, in an in vitro cell culture model, alternating cycles of hypoxia and reoxygenation resulted in selective and dose-dependent activation of inflammatory NF-κB-dependent pathways [28] . Our findings that significantly increased production of inflammatory factors and parallel activation of NF-κB in an animal model subjected to different levels of intermittent hypoxia suggest an important role of inflammatory response in cardiovascular damage under the condition of intermittent or sustained hypoxia. However, caution should be exercised in comparing the results of our animal model with pathological changes in OSA patients, since the spontaneous fall in pro-inflammatory factors has not been reported in patients not under medical treatment, indicating that the compensatory mechanisms reflected in our animal studies might not be voluntarily activated in OSA patients.
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Figures (large format)
Figure 1
Arterial blood gas tension measured in the preliminary intermittent hypoxia experiment. Two rats were employed in each treatment group (n = 2); the measured parameters of each animal were plotted as separate bars. The minimum Po 2 levels of two animals (white and hatched bars respectively) in the IH1, IH2, and IH3 group and SH group were markedly reduced as compared to those shown in the normoxia control group. The maximum Pco 2 levels of the two rats (black and grey bars respectively) were comparable among all the treatment groups.
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Figure 2
Time course of inflammatory cytokine levels in serum. Serum levels of TNF-α (A), IL-8 (B), IL-6 (C), and IL-10 (D) were measured in the IH1 (n = 7), IH2 (n = 8), IH3 (n = 8), SH (n = 8) and SC group (n = 8) at each time point. The data were plotted as mean ± SE. Results of two-way ANOVA statistical analyses were labeled. * P <0.05 IH1, 2, 3 and SH groups vs the SC group; # P <0.05 IH 1, 2, 3 vs the SH group; & P <0.05 IH1 vs IH3 group; + P <0.05 IH1 vs SH group; ∆ P <0.05 IH1, 2 and 3 vs SC group.
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Figure 4
Temporal changes of phosphorylated NF-κB p65 in nuclear extracts of aorta endothelial cells. (A) A representative Western blot showed that increased levels of p-NF-κB p65 in nucleus were observed in IH groups as compared to those in SH and SC group. Positive control, referred to as P, was whole-cell extracts from cultured hela cells stimulated with 10 ng/ml TNF-α. The whole-cell extracts further treated with lamda phosphatase were used as negative control, labelled as N in the blot. The levels of β-actin were used as the internal standard of protein content in each lane. (B) The intensity of phosphorylated NF-κB p65 was normalised to that of β-actin, which was then plotted as mean ± SE to show the activity changes of this transcription factor at various time points (* P <0.05 IH1, 2, 3 and SH group vs SC group; # P <0.05 IH 1, 2, 3 vs SH group; & P <0.05 IH1 vs IH3 group, n = 7 or 8 in each group). (C) The normalised nuclear levels of phosphorylated NF-κB p65 at 6 th week were also re-plotted as bar graphs (* p=0.01 compared with SC group; # P=0.05 compared with SH group; & P=0.01 compared with SH group; $ P=0.05 compared with IH-3 group, n = 7 or 8 in each group).
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